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SUMMARY 
Perovskite materials have experienced an impressive improvement in photovoltaic 
performance due to their unique combination of optoelectronic properties. Their 
remarkable progression, facilitated by the use of different device architectures, 
compositional engineering and processing methodologies, contrast with the lack of 
understanding of the materials properties and interface phenomena. Here we 
directly target the interplay between the charge transporting layers (CTL) and 
open-circuit potential (   ) in the operation mechanism of the state-of-the-art 
CH3NH3PbI3 solar cells. Our results suggest that the     is controlled by the 
splitting of quasi-Fermi levels and recombination inside the perovskite, rather than 
being governed by any internal electric field established by the difference in the 
CTL’s work functions. In addition, we provide novel insights into the hysteretic 
origin in PSCs, identifying the nature of the contacts as a critical factor in defining 
the charge-accumulation at its interface, leading to either ionic, electronic or mixed 
ionic-electronic accumulation. 
 
INTRODUCTION 
Despite the impressive improvement in device performance
1-8
, the operating mechanism 
that governs the high     and short circuit current (   ) in perovskite photovoltaics 
remains unclear. Perovskite solar cells (PSCs) suffer from variations in the current-
voltage behaviour based on specific experimental parameters, including pre-biasing, 
light intensity, scan direction and rate, the set of which have been referred to as dynamic 
hysteresis
9
. Early studies considered such dynamic hysteresis
10
 as the result of a charge 
collection limitation, conceiving device models in which the transport of charge-carriers 
arises from the built-in electric field, generated through the perovskite layer and 
modified by the mobile ions
11,12
. Nevertheless, the recent progression in materials 
processing
13-19
 suggests a different scenario, as the state-of-the-art devices possess 
excellent transport and collection properties, with little to no variation in the 
photocurrent throughout the scan. In addition, a recent correlation between 
TiO2/perovskite interface and the output voltage in perovskite solar cells (PSCs)
20
(Rong, 
Yaoguang, et al. "Tunable hysteresis effect for perovskite solar cells." Energy & Environmental 
Science 10.11 (2017): 2383-2391.– DOI: 10.1039/C7EE02048A ) opens the question of the 
role of interfaces in the device operation, calling for deeper investigations in their 
operation mechanism, with special emphasis on how variations in recombination and/or 
accumulation at the interfaces affect the hysteretic trends.  In this article, we answer 
some of these questions by investigating the role of the contacts in the transport and 
recombination of state-of-the-art PSCs. Devices with identical architecture but modified 
electron transporting layer (ETL) interface have been examined, using as device 
configuration FTO/ ETL / CH3NH3PbI3 / Spiro-OMeTAD /Au architecture, where 
different contacts have been carefully chosen: i) FTO/compact-TiO2/meso-TiO2; ii) 
FTO/compact-TiO2 and iii) FTO electrode (ETL-free cell). 
 
RESULTS 
Figure 1A presents a schematic diagram of the cell architecture along with the cross-
sectional scanning electron microscopy (SEM) images in Figure 1B obtained for each 
layout. In all cases, the perovskite thickness is ~300 nm, including the mesoporous 
based configuration. Interestingly, similar micro-structure and layer morphology could 
be observed for all architectures, independently from the electron selective contact, as 
revealed in Figure 1C. In addition, the optical properties of the perovskite films  and the 
X-ray diffraction (XRD) patterns (Figure 1D) were also preserved, showing identical 
absorption spectra and diffraction patterns corresponding to CH3NH3PbI3 tetragonal 
phase
21
 (see also Figure S1). Overall, these results confirm the formation of perovskite 
films with comparable crystalline quality and optical properties, which is of extreme 
importance in the upcoming comparative analysis.  
The current-voltage ( − ) curves and the external quantum efficiency (EQE) of the as 
prepared solar cells were also analysed. Figures 2A and 2B show the typical 
performance of three representative cells corresponding to each device configuration 
(the characteristic solar cells parameters are reported in Table 1). In agreement with 
previous works, cells employing a mesoscopic architecture exhibit the best photovoltaic 
performance (PCE = 18.75%), followed by the planar cells (PCE = 16.25%) and the 
ETL-free devices (PCE = 14.03%). Interestingly,     hardly changed with the cell 
configuration, leading to values over 21 mA·cm
2
 in all cases. These results agree with 
the EQE spectra exhibited in Figure 2B, which demonstrates a high photon-to-current 
conversion over 80 % for the entire visible spectra, even for the ETL-free device. 
Nevertheless, the most remarkable value is obtained for the    , remaining close to 1V 
in all cases. Such a large     obtained for the ETL-free cells is in contradiction to 
previous seminal works
15
 where a large reduction upon removal of the TiO2 layer 
(~0.75 V) was observed and attributed to a reduced built-in potential, generally 
associated to the non-selectivity of the contact. More recently, a similar behaviour was 
also observed by Juarez-Perez et al. but charge collection was severely reduced, in 
contrast to our result
22
. Figure 2C, 2D and Table 1 summarize the photovoltaic 
performance obtained from more than 40 devices. As deduced from the data, the contact 
layer is mostly affecting the FF of the cell, which decreases considerably when using a 
less-selective FTO contact, while Jsc and Voc remain very similar. Comparable results 
have been also observed for cells containing the mixed cation/mixed halide 
(FAPbI3)0.85(MAPbBr3)0.15 perovskite (FA = formamidinium), as is illustrated in Figure 
S2 (see also Table S1). Noteworthy, although slight differences in Jsc and Voc can be 
observed for this perovskite composition, a remarkable high Voc average value over 0.8 
V (with a maximum of 0.96 V) is obtained for the ETL-free cell, further generalizing 
our previous observations.  
To verify the electronic structure of the different contact layers, we analyzed them by 
ultraviolet photoelectron spectroscopy (UPS). The results are presented in Figure S3 
and the extracted work functions are also illustrated in Figure 2D, in comparison with 
the Voc. As expected, the FTO layer has the highest work function (-5.22 eV), followed 
by the blocking TiO2 (-4.36 eV) and the mesoporous TiO2 layer (-4.33 eV). 
Surprisingly, no apparent relation between the obtained Voc and the work function of 
the contact can be deduced. This is also observed when inserting a different ETL 
material such as compact-SnO2 layer (WF=-4.93 eV), which also gives unexpected high 
Voc values close to 1V (see Figure S4).  
To get insight into the electronic operation of the contacts, we investigated the 
hysteresis features and capacitive nature of these devices via impedance spectroscopy 
(IS). Figure 3A shows the J-V curves obtained for the three systems measured under 
scan rates ranging from 10 to 200 mV/s. In all cases, the hysteresis loop between 
forward-reverse (FR) scans „opens up‟ and scales with the scan rate, as typically occurs 
in a capacitive discharge superimposed onto the steady-state curve. We note that this 
effect is maximized in the planar c-TiO2 cells but minimized for the mesoscopic 
architecture, suggesting meso-TiO2 as the main factor responsible for reducing the 
overall hysteresis, like often reported in literature
23
.  However, upon removal of the c-
TiO2 layer, the hysteresis is again reduced except for very fast scans, denoting c-
TiO2/perovskite as the real dominant interface (see Figure S5)
24
. Surprisingly, the 
FTO/perovskite interface also showed strong capacitive trends, indicating a similar 
mechanism.  
 
DISCUSSION 
According to established photovoltaic knowledge, when a semiconductor light absorber 
sandwiched between two contacts of very different work function comes to equilibrium, 
the difference of work functions implies a built in electrical field that has a major role in 
the transport and extraction of charge. This is usually termed the p-i-n model. On the 
other hand, 25 years of study of dye-sensitized solar cells and similar devices clearly 
showed that many solar cells absorb the difference of work functions at the 
absorber/contact interface, and the electrical field in the device plays a minor role. [Ref. 
Juan Bisquert, The Physics of Solar Cells: Perovskites, Organics, and Photovoltaic 
Fundamentals”, CRC Press 2017]. Here we show that this is a main principle of 
operation of the perovskite solar cell, since the Voc remains stable over a striking 
modification of work function of the electron selective contact, that has the same 
variation as the Voc itself, as shown in Fig. 2d.  Independently of the built-in electric 
field across the perovskite, mesoporous morphology, and the difference of work 
functions across the interfaces, each selective contact will follow the Fermi level of the 
respective carrier, implying that the main control of open-circuit voltage is established 
by recombination. [U. Würfel, A. Cuevas and P. Würfel, "Charge Carrier Separation in 
Solar Cells," in IEEE Journal of Photovoltaics, vol. 5, no. 1, pp. 461-469, Jan. 2015. 
doi: 10.1109/JPHOTOV.2014.2363550]. This view of the device is furthermore 
consistent with the results of Kelvin probe force microscopy (KPFM) on cross sections 
of planar methylammonium lead iodide that show a flat potential distribution in the 
absorber layer while most of the potential drops are located at selective contact 
interfaces.  [“Local Time-Dependent Charging in a Perovskite Solar Cell” Victor W. 
Bergmann, Yunlong Guo, Hideyuki Tanaka, Ilka M. Hermes, Dan Li, Alexander 
Klasen, Simon A. Bretschneider, Eiichi Nakamura, Rüdiger Berger, and Stefan A. L. 
Weber, ACS Applied Materials & Interfaces 2016 8 (30), 19402-19409].   
Under cycling conditions of 10 mV/s, our systems show high     values for both FR and 
RF scans. This opposes the general assumption that a built-in electric field generated by 
the difference in the work functions of the two contacts mediates the charge collection. 
On the contrary, it demonstrates that the built-in electric field is not a major factor 
governing the extraction of carriers, while carrier transport to contacts is mainly due to 
diffusion, probably granted by the extremely large diffusion length in these materials. 
As large charge accumulation combining ionic and electronic charge occurs at the outer 
interfaces, for state-of-the-art devices, hysteretic variations can be directly correlated to 
the nature of the perovskite crystal in contact with the selective layers, which further 
underlines the importance of understanding the capacitive trends in these devices. 
Figure 3B presents the evolution of the capacitance obtained for each device 
configuration as a function of frequency (in the dark), at different applied voltages. In 
general, the capacitance shows a stable plateau at high frequency due to dielectric 
relaxation in the bulk, and low frequency large values that grow further with the applied 
voltage, directly probing the contact properties. Importantly, the low frequency value 
increases over 2 orders of magnitude from 10 µF at low frequencies (~100 mHz) to a 
maximum capacitance of 10 mF for ~ 1 V. We interpret this capacitance as an 
accumulation layer of ionic (cations) and electronic carriers (holes) at the c-TiO2 contact 
with the perovskite
25
. The capacitance for ion-accumulation is described by the Guoy-
Chapman model, whose voltage-dependence for voltages above Bk T q  is given by 
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with z  being the charge number of the ions, q  the electronic charge, 
0
in  the ionic 
concentration in the bulk, and r  and 0  the relative and vacuum dielectric constants 
respectively. Cm  is a capacitive exponent with the value 2. However, a similar equation 
is also used for the accumulation of majority carriers at the interface
26
, again with 
2Cm  , hindering the distinction between ionic and electronic accumulation through 
only capacitance measurements. In our case, there is a difference in the way the low 
frequency capacitance changes with voltage between the different electron-contacts 
samples. The cells containing meso-TiO2 exhibit a sharp increase after 0.6 V. Planar c-
TiO2 cells show a similar evolution, although a negative capacitance region is 
perceived, whose onset is characterised by the downward spike, located around 100 Hz.  
The negative capacitance, well documented in literature, is interpreted as the 
accumulation and subsequent discharge of both ionic and electronic carriers (holes) at 
the TiO2/perovskite interface
27
. Finally, ETL-free samples do not show the negative 
capacitance trend, but a continuous and exponential evolution of the low frequency 
capacitance with voltage, noted in Figure 3C. We can therefore conclude that low 
frequency capacitance at low and very high voltage show similar trends in the three 
different PSCs, but the intermediate voltages and the larger frequency region variations, 
indicate dynamic modifications in charge accumulation (ionic/electronic) that have 
significant consequences on the nature and timescales in a transient experiment, altering 
the hysteretic trends considerably. This observation correlates well with the different 
dynamic hysteresis responses observed previously.  
To investigate the processes at the perovskite/ETL interface, we performed a dynamical 
optical investigation by means of transient absorption spectroscopy (TAS) in the 
nanosecond domain, as depicted in Figure 4. We monitored the TAS spectral evolution 
of the three different samples upon excitation with a light pulse at 600nm, ensuring a 
light penetration depth of less than 200 nm
28
. Note that we keep the excitation density 
constant on the three samples, which have the same thickness, ensuring that a similar 
carrier density is generated. As reported in the Figure 4A-C, a negative band peaking at 
760 nm appears, which is assigned to the photobleaching (PB), due to state filling of the 
conduction and valence band. Notably, the PB signal is proportional to the density of 
charges and its dynamical evolution reflect the charge dynamics. The PB band 
decreases in the time range investigated, as shown by the normalized dynamic at 760nm 
probe wavelength presented in Figure 4D. It reveals a fast decay with a time constant of 
t=100 ns, accompanied by a longer component which does not decay in our temporal 
window (1.5 µs) (a comparison of the decay in the 100ns range is reported in the inset 
of Figure 4B). Since we use an excitation density of around 50nJ/cm
2
 corresponding to 
a charge density of around 10
17
cm
-3
, most of the traps are expected to be filled, thus the 
PB decay mainly mirrors the electron hole recombination. However, the PB signal 
persists on a longer timescale. As already observed by Leijtens T. et al, the long living 
component appearing in the TAS as well as in transient photocurrent measurements, can 
be related to trap-mediated recombination, i.e. trapped electrons or holes
29
. Considering 
the same optical density for the three films and the same excitation density used, we can 
infer from the initial spectra (at 0-200 ns time window) that the photoinduced charge 
density at the compact-TiO2/perovskite interface is slightly higher. However, for all 
cases, the long living component, sometimes also visible in photoluminescence 
measurements and still debated, can be related to the presence of long-living 
accumulated charges (possibly holes)
30
, located at the perovskite /ETL surface. 
Interestingly, the signal evolution (i.e.  time constant) and magnitude of the long living 
component is similar in all cases, providing a clear indication that the interface charge 
dynamics in the ns-us time scale, relevant for the photovoltaic action in terms of charge 
collection, do not considerably differ comparing meso-TiO2, c-TiO2 or FTO interfaces. 
On the other side, on the shorter time scale, the PB of the meso-TiO2 interface decays 
slower (a time constant of 50 ns is retrieved from fitting, as shown in Table 2), that 
might reflect a reduce electron hole recombination possibly due to reduced charge 
accumulation at this interface. This observation is in agreement with the slightly higher 
Voc that this sample presents over the others. A direct link with the device behaviour is 
rather challenging, however, the reduced charge accumulation at the meso-TiO2 
interface might be a possible reason, among others, of the minimized dynamic 
hysteresis response for the mesoporous-based solar cell. Further work is ongoing to 
elucidate the interface dynamics and better establish a connection to the device scale.  
We can therefore conclude that, while it is widely believed that the role of selective 
contacts towards photovoltage operates by controlling the built-in voltage, here we 
demonstrate that it rather depends on the internal recombination and splitting of Fermi 
levels inside the perovskite material. Our results indicate that the electric field is not the 
dominant charge extraction mechanism for the photocarriers, and very different electron 
contacts based on metal oxide/perovskite interface can behave similarly. Furthermore, 
the nature of the contact can drastically influence the dynamic response of charge 
accumulation at the interface, being an essential actor in controlling hysteresis and pre-
treatment dependence in time transient experiments. 
 
EXPERIMENTAL PROCEDURES 
Solar cell fabrication.  
Perovskite solar cells were fabricated on F-doped SnO2 (NSG10) substrates previously 
cleaned by a sequential sonication treatment in a 2 % Hellmanex solution, acetone and 
isopropanol, followed by UV ozone treatment for 15 min. These substrates were 
directly used as described for the ETL-free perovskite solar cells. To prepare the other 
configurations investigated in this manuscript, a compact blocking layer of TiO2 (c-
TiO2, 30 nm in thickness) was deposited by spray pyrolysis, using a titanium 
diisopropoxide bis(acetylacetonate) solution in ethanol (22% v/v), and then sinter at 450 
°C for 20 minutes (c-TiO2 electrode). SnO2 electrodes were prepared by spin-coating a 
precursor solution of SnCl4 (Acros) dissolved in water. To form ~100 nm thick SnO2 
layer, 0.5 M SnCl4 solution was spin-coated on the UV-ozone treated FTO substrates at 
5,000 rpm for 10 s. Then the SnO2 film was transferred onto a hotplate and dried at 100 
o
C for 1 min, post-annealed at 180 
o
C for 1 h and cooled down before deposition of 
perovskite. The planar configurations, including the ETL-free cells, were treated by UV 
ozone for 15 min before deposition of perovskite layer. Finally, a 150 nm thick layer of 
mesoporous TiO2 (meso-TiO2, 30 NR-D titania paste from Dyesol) was prepared by 
spin-coating a diluted TiO2 dispersion in ethanol (150 mg·ml
-1
), at 2000 rpm for 15 s 
followed by a sintering step at 450 °C for 30 min. Afterwards, the meso-TiO2 substrates 
were lithium-treated by spin-coating 40 μl of tris(bis(trifluoromethylsulfonyl)imide) 
(Li-TFSI, 10mg/ml in acetonitrile) onto the mesoporous layer, followed by an additional 
sintering step at 450 °C for 20 min. After sintering, the c-TiO2/meso-TiO2 electrodes 
were ready to use and transferred to a N2 controlled atmosphere. The perovskite 
precursor solution was prepared by mixing CH3NH3I (MAI, Dyesol) and PbI2 (TCI) in 
N,N‟-dimethylsulfoxide (DMSO) in a molarity of 1.20 for MAPbI3, while for the mixed 
cation/halide composition formamidinium iodide (FAI), MAI (from Dyesol), PbI2 and 
PbBr2 (TCI) were mixed in DMF:DMSO (4:1) solvent at 1.25 M to form 
(FAPbI3)0.85(MAPbBr3)0.15, with 5% of PbI2 excess content.  The perovskite layers were 
then fabricated by using a two-steps spin-coating process reported by Seok et al.
11
 (first 
step 1,000 r.p.m. for 10s; second step 4,000 r.p.m for 30 s) and 10 s prior to the end of 
the program 100 µl of chlorobenzene were poured onto the films. The substrates were 
then annealed at 100 °C during 60 min. Afterwards, Spiro-OMeTAD was spin-coated at 
4000 rpm from a chlorobenzene solution (28.9mg in 400μl, 60mmol) containing Li-
TFSI (7.0μl from a 520 mg/ml stock solution in acetonitrile), TBP (11.5μl) and 
Co(II)TFSI (10 mol %, 8.8 μl from a 40 mg/ml stock solution) as dopants. Finally, a 70 
nm gold electrode was evaporated. 
Thin film characterization 
The XRD patterns of the prepared films were measured using a D8 Advance 
diffractometer from Bruker (Bragg-Brentano geometry, with an X-ray tube Cu Kα, 
λ=1.5406Å). The absorption spectra were registered with an UV-VIS-IR 
spectrophotometer (PerkinElmer Instrument). Photoelectron spectroscopy (PES) 
measurements were performed in a ultra-high vacuum analysis chamber (base pressure 
of 2 x 10-10 mbar) using a He-discharge UV source (Omicron) with an excitation energy 
of 21.2 eV for UPS. Before the analysis, the samples were treated by UV-ozone for 15 
in the same conditions as for the device preparation. The photoelectron spectra were 
recorded using a Phoibos 100 (Specs) hemispherical energy analyzer at a pass energy of 
5 eV for the valence band. For work function determination, the secondary electron cut-
off (SECO) was recorded by applying a -10 V sample bias to clear the analyzer work 
function. The reported valence band spectra were background subtracted. The binding 
energies for all the photoemission spectra are referenced to the Fermi level. For the ns-
Transient Absorption Spectroscopy (TAS)/Photoluminescence a ns laser (5ns pulse 
duration, 10Hz, Ekspla NT342 model) with an integrated OPO system (from 355 to 
2500 nm tunability) has been used as pump source. It is coupled with the LP980-KS 
Laser Flash Photolysis Spectrometer used for the measurement of laser induced 
transient absorption, and Photoluminescence kinetics and spectra. Wavelength specific 
kinetic measurements are made using photomultiplier and digital storage oscilloscope. 
The probe light is provided by a pulsed Xenon arc lamp. The beams are focused onto 
the sample on a diameter of minimum 5mm
2
 area, ensuring the spatial overlap. The 
transmitted probe is spectrally filtered by a monochromator and detected. From the 
transmission change following photoexcitation the variation in the absorption is thus 
derived as Δ(𝜏,𝜆)=log(𝐼𝑝𝑟𝑜𝑏𝑒)/(𝐼𝑡(𝜏,𝜆)), where Iprobe is the transmitted probe with excitation 
off and It is the transmitted probe after laser excitation. The minimum detectable optical 
density of the LP980-KS using the photomultiplier is OD = 0.002 (single shot, fast 
detector option) with a system overall response function of: <7ns (laser limited). 
Device characterization 
The photovoltaic device performance was analyzed using a VeraSol LED solar 
simulator (Newport) producing 1 sun AM 1.5 (1000W/m2) sunlight. Current-voltage 
curves were measured in air with a potentiostat (Keithley 2604). The light intensity was 
calibrated with a NREL certified KG5 filtered Si reference diode. The solar cells were 
masked with a metal aperture of 0.16 cm2 to define the active area. Current-voltage 
curves at different scan rates were collected from slowest to fastest scan rate by 
scanning in the FR direction followed by the RF direction for a given scan rate, with a 
time interval of 10 seconds (under illumination) before the next measurement. The 
starting voltage for the FR scan was slightly higher (30 mV) than the Voc of the device 
while for the RF scan, it was 0 V. EQE was measured with the IQE200B (Oriel) without 
bias light. Impedance spectroscopy measurements were performed in the dark for a cell 
area of 0.56 cm
2
. A perturbation amplitude of 10 mV was used and the spectra 
measured over the frequency range 50 mHz – 1 MHz. 
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Figure Captions 
Figure 1. Solar cell configurations, film characterization and photovoltaic 
performance of the perovskite cells. (A) Schematic diagram of the cell architectures. 
Compact and mesoposous-TiO2 (meso-TiO2) layers are differing between 
configurations. (B) cross-sectional scanning electron microscopy (SEM) images 
obtained for each representative layout (bar-scale 1µm). (C) Surface SEM images and 
optical properties of perovskite films analysed in (b). (D) X-ray diffraction (XRD) 
patterns of films analysed in (D).  
 
Figure 2. J-V performance and statistical analysis of perovskite solar cells. (A) 
Current-voltage ( − ) curves measured under 1 sun illumination and (B) external 
quantum efficiency (EQE) of representative solar cells containing meso-TiO2, c-TiO2 
and ETL-free architectures (Jintegrated is 21.2 mA·cm
2
, 21.5 mA·cm
2
and 21.3 mA·cm
2 
for). (C) Summary of device parameters obtained for more than 40 cells measured under 
AM1.5G sun illumination, room temperature and air conditions. The work function of 
the different contact layers are also indicated for comparison (right panel). 
 
Figure 3. Hysteresis behavior and impedance spectroscopy (IS) analysis. (A) J-V 
scans for perovskite cells containing the three investigated ETL contacts (scan rates 
indicated in the legend); (B) absolute real values of the capacitance obtained from EIS 
measurements in the dark; (C) evolution of the low frequency capacitance versus 
applied voltage for the three investigated cells. The linear fit of ln C versus voltage for 
the ETL-free cell shows a slope of 5.62. 
 
Figure 4. Dynamical optical investigation using transient absorption spectroscopy 
(TAS). (A-C) TAS spectral evolution of the three different samples measured upon 
excitation from the glass side with an incident light pulse at 600nm (penetration depth 
~200 nm)
25
. (D) dynamics at 760nm revealing a faster time constant of t=100 ns.  
 
TABLES AND TABLE CAPTIONS 
Table 1. Device parameters obtained from the cell configurations shown in Figure 
2. The average values obtained for each device configuration are included in brackets. 
Cell Jsc (mA · cm
2
) Voc (V) FF PCE (%) 
Meso-TiO2 21.91 (21.9 ± 0.8) 1.09 (1.078 ± 0.007) 0.78 (0.77 ± 0.02) 18.75 (18.17 ± 0.8) 
c-TiO2 21.7 (21.2 ± 0.9) 1.07 (1.02 ± 0.03) 0.70 (0.67 ± 0.05) 16.25 (15 ± 1) 
FTO 21.08 (21.1 ± 0.6) 1.04 (0.98 ± 0.08) 0.64 (0.62 ± 0.03) 14.03 (14 ± 1) 
 
 
 
Table 2. Optical parameters obtained from the TAS analysis. 
 
Sample  t1 (ns) t2 (ns) 
FTO/MAPbI3 21 98 
FTO/c-TiO2/MAPbI3 13 98 
FTO/c-TiO2/MesoTiO2/MAPbI3 50 269 
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